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Abstract

The need for green energy has never beestgrelhe main power source used todastilsthe
burning of fossil fuels and at the current rate of consumptaset resources will be exhausted.
There have been maamjternativetechnologies developed to produce renewable energy such as
wind power; solar power etbut there is still need for much development before the world can
switch largely to renewable energgurcesThis senior design project is mainly focused on
harnessing the power of ocean curre@se of the major design challenges is that ocean currents
produce much larger forces on any object even at low speeds because of the salt waters high
density,therefore any design made for the ocean has to be structurally ditabdlecus of this
project is to implement a hydro turbine in the Gulf Stream just off the coast of Florida. The
estimated speed of the currents is between 1 to 3 knots (1.852 KeBb@dkm/h). The current
technologies of underwater turbines are similar to turbines used to capture wind energy. The aim
is to create a new type of energy capturing device in the form of a hydro turbame&urbine will

have an inlefunnel with internalvortex channelshjade$ incorporated in itThe purpose of the
funnel is to create a vortex with the incoming flowisiNortex createdwill amplify the speeaf

the incoming flow, which would create a larger force on the blades to spin the turbigreatea

speed. This would result in a more efficient turbine generator for this estimatgdltdity.
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1 - Introduction

1.1 Problem Statement

Alternative energy technology production has to be increased in the near future to keep up with
the earthdés increasing demand for power. Toda
burning of fossil fuels and the use of nuclear power plantsilFosts are quickly depleting at

the current rate of power consumption. Fossil fuels have been used since the beginning of the
industrial age, and there have been many environmental and climatic chathgas &or t h 6 s
atmosphere, including global warmir§jnce the consumption of these fuels has already
consequentlgausedl amage to the at mosphere and environn
Energyo has increased recently. Several al ter
geothermal power are being pegul into all over the world and companies are dedicating their

investments and research towards efficient alternative energy technology designs.

The main focus in this project is to capture the energyceéncurrents, which is a great

inexhaustible resoce. Since this project is envisioned to be incorporated in the Florida Keys,

the Gulf Stream is the optimal choice because of its available energy and proximity. The average
speed of water current is in the range 1 to 3 knots (1 knot = 1.8520Dwm¢h is relatively

slow. There is a large energy potential in the Gulf Stream, however there needs to be an efficient
method of capturing. The problem lies with the water current which is not efficient enough to

give its maximum potential energy to rot#te turbinerotors. There are few conceptual designs

that were proposed to maximize the input flow through the funrtbls report

Another problem that must lzeldressed the safety of the wildlife in thecean The design
must incorporate features that ensure the wildlife safety is not aExiek. if the rotor does not
rotateata high speed, the wildlife in treceanmaybeharmed bympact with the blades.
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Figure 1 - Gulf Stream Pah [3]

1.2 Motivation

The motivation to carry out this project arises from the need for sources of green energy. The
kinetic energy of ocean currents has immense capatailitg converted into a useful power

form. There are currently only a few technologies to harness the power of the ocean currents.
The few technologies that do exist are still young and have only been implemented on an
experimental basis. Our aim is to desgghydro turbine that captures as much energy as possible
from the ocean currents. There are many advantages of such a device. The energy produced by
ocean currents will produce zero harmful emissions and has the potential to produce large

amounts of enesg
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1.3 Literature Survey

Alternate energy refers to energy sources that can be harnessed without any devastating impact

on the environment. In the modern world, the discovery of burning fossil fuels and nuclear

power pl ant s wéestevolutioreuntiviater yedrdvehergtheec@ansequences of

such resources wefeund to leavalevastating impact on the environment. The burning of fossil

fuels and harnessing energy from nuclear power plants impact the environment by emitting
greenhousg ases and carbon emissions into the eart/|

the depletion of the earthds ozone | ayer whic

Alternative energy resources such as Solar, wind, hydroelectric, tide, biomass and geothermal
hasrecently been in great demand. These energy resources are renewable and have no

environmental impact. Each alternative energy source has its own pros and cons.

Solar Power

Solar eergy relies solely on the sun, whereas édergy is clean and has environmental
consequencesSolar panels are being used almost everywhere today. In small house hold garden

| amps, houses, cars etc. Photovoltaic panels
which convert it to electric current. Thege generally mountednohouses, or assorted in an

amaym a structure that is angled to the sun to
energy however has its drawbacks. Since the sun is the energy source, each day the sun rises and
sets at idferent times. Therefore sun exposure is usually only a few hours a day, also not only is

the sunlight limited every day, weather plays another important role. Cloud cover also would

affect the sunlight rays shinning onto the photovoltaic solar panetls.dfgud cover, the solar

panels are not working efficiently and are generally not producing electricity when there is not
enough sunlight. Solar panels are efficient and are built to cover a large surface area to absorb as

much sun as possible. Howeue larger the panel the more expensive they are.
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Ocean Thermal Energy nversion

Ocean geot her mal energy conversion is an ol d
concept takes advantage of the temperature difference of different defitaoéan. The upper
surface layers of the ocean tend to be at warmer temperatures, whereas at the deep end the
temperatures tend to cool. The temperature gradient can be used by ocean thermal energy
conversion system@®©TEC)to produce electricity. Thetgave been many attempts to implement
OTEC systems

There are three types of OTEC systems at present: open cycle, close cycle, and hybrid. The open
cycle system uses the sea water by boiling the warmer surface water at a low pressure. This
produces a lovpressure steam which is used to drive a turbine generator. The vapor is then
cooled by the deeper cooler waters to turn the vapor into a liquid. In the cliatedystem the

warm water othe ocean is used to boil a low boiling point liquid e.g. ammditia.vapor tends

to expand and therefore turns the turbine generator. The vapor is then moved along to the
condenser pipes where cooler ocean water is used to condense the vapor. Hybrid systems are a
combination of both types of systems in order to in&edfciency. In hybrid systems warm sea
water is boiled by placing it in a low pressure container in a similar manner to the open cycle
systems. The steam produced is then used to vaporize low boiling point liquids which are part of

a closed cycle system.

There are also many other advantages of OTEC systems besides power generation. Some of
these include air conditioning, chilled soil agriculture, aqua culture, and desalination of water.

Air conditioning can be achieved by using the cold water fronotiean directly for cooling

systems or by using the cold water to cool fresh water in a heat exchanger. Chilled soll
agriculture is the concept of being able to grow plants in climates where they would not be able
to grow naturally in that climate. Undergwed pipes which are evenly distributed in the soil are

used to transport cold water from the ocean which maintains the soil at a cooler temperature. The
temperature difference between the leaves of the plant and the roots allows the plant to thrive in

othawise naturally harsh climates e.g. growing a native Alaskan plant in a Caribbean island.
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Wind Energy

Wind Energy is another alternative energy resource that is an inexhaustible source of power that

is being used today. Wind is formed when solar energyin t he sun heats wup tF
Since the earthés surface consists of,many ¢ty
they all heat up and releaseat at different rates. This causes areas where hot air rises faster

than otherareag,s a result reduces the atmospheric pr
draws in the cooler air to take its place. When this air moves, this mass of air has kinetic energy

in the formof wind. This wind has been captured using technology where bid@asconverted

to produce mechanical power afaally electrical power.

Wind energy is a renewable source of energy that is clean and can be harnessed without the
effectof water, air or soil pollution. In the modern times todayilization became indeendent

of the use of nuclear power plants and other power plants that are operating and consuming the
earthdés natwural fossil fuels to produce el ect
of fossil fuels buttabsotiontheasarthéseanai hos
is usually harnessed by the use of wind turbiiéisd turbinetechnology has come a long way

from its initial designsWind turbines are categorized in two types. Horizontal axis types

designed from theld windmill design or the vertical axis type designed shaped like an egg

beater. Each has its own advantages and disadvantages.

Wind turbines are considered to be very efficient since the wind never stops. Regardless of night
or day, the wind always bis which makes wind energy one of the best alternative energy
resouces.Wind turbines are usually set up in a vast amoutdrge farms, where uaitiple wind

turbines are placeah hilly smooth areas where the wind is plentiful. They are usually built up

on high structures since the wind velocity is usually gresdtbigheraltitudes They are very

cost efficient since the turn around cost can be made back in as little andmtés. Some
disadvantages of wind turbines however are, noisy operation, large farms may affect scenery and

their large scale are very difficult to transport and maintain.
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Hydroelectric Power

Hydroelectric power is another great alternative energycsollris very similar to tide power.
Hydroelectric power is the use of the flow of water which is funneled into a hydro turbine and
generator. This hydro turbine and generator is spun by the flowing water which produces

electricity.

Ti des ar dhepegiadin matian oflthg water of the sea, caused by celestial bodies,
principally the moon and the s UdnWheruspdying di f f er
about tides, tides are differentiated between tide and tide currents. The wosdisdally

considered as the rising and falling of the oceans tide via a vertical movement. Whereas for tide
currents, it is the horizontal flow of a mass of water .The two movements are of the same tide

phenomenon and is brought principally by the tidederof the sun and the moon.

There are three main types of tidal power. Firstly, Tidal streams or currents are a large mass or
water with kinetic energy what can be harvested by the used of hydro turbines which are very
similar in design to wind turbine$his method is lower in cost and is lower environmental

impact to construct. Secondly there are dams or barrages types. This is the use of potential
energy stored in water from the difference in height or head between high and low tides. This
potential eergy is harvested by the pressure flow of water from high to low pressure through a
hydro turbine that spins a generator to produce electricity. A good example is the Hoover Dam
built in theBlack Canyorof the Colorado Riverlt was built on théorderbetween théJ.S.

statesf ArizonaandNevadaand has proven to be the largest electric power station in the
world. Thirdly Tidallagoons like barrages, they are setirdained structures that do not span

fully across an estuary. They are much lower cost to construct and less environmental impact like

barrages.

There are many types of designs currently that are in the market to harness tidal power. They are
horizontalaxis type and vertical axis type very similar to wind turbines. Currently a company
called SeaGen which stands for Sea Generation Ltd located in South Gloucestershire in south

west England is the leading company in Tidal Power. They have the largesisoaiercial


http://en.wikipedia.org/wiki/Black_Canyon_of_the_Colorado
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tidal stream generator. Their design is generally a large steel pile driven down into the oceans sea
bed where two large axial flow rotors of 16 meters in diameter each dtineirgpwnseparate

generator. They consist of patented rotor blagesl from wind turbines which have variable

pitch through 180 degrees that can allow the turbine to operate at different flow directions (ebb
and flow tides). Their first prototype was of the tidal stream generator of 15kW was in 1994

which was installedff the coast of Scotland. Later the first SeaGen generator installed in

Northern Ireland in April 2008 and was later connected to a grid in July 2008. It now generates

1.2 MW in an average of 20 hours a day.

Figure 2 - SeaGen [2sign [4]



Page|18

Gulf Stream

The Gulf Stream is a strong underwater current that originates in the Gulf of Mexico flows
northward past the southern and eastern shores of Florida and continues on into the northern
Atlantic towards the North ¢&le.fiFlorida is the most reliant state in petroleum fired electricity
and accounts for over 40% of the national generaffariiThe Gulf Stream has the flow of over
30 times the total freshwater river flows in the world, and has an overall energy flux of @5 GW
[l ANear the coast of Florida it is possible to extract 10 GW of the available power or in other
words the equivalent to 10 nuclear plafts fiThe maximum velocity of the Gulf Stream is in

the top 100 m of the ocean, ranging betweenm/ s a®d 2 m/ s o

The Gulf Stream also provides a natural temperature Gradient between its upper and lower

|l ayers. This occurs because the sundés energy
region, and the Gulf Stream currents return from the coastline ehtaral cooled and deeper

than departurdiThe ocean temperature gradients of the Gulf Stream have enough potential to
provide 10,000 GW! (approximately 10,000 nuclear power plants, 1 GW is the approximate
output power of auclear power plant)Thereare currently three methods to capture the Gulf

Streams thermal energy potential namely:

1 Cold sea water air conditioning
1 Ocean thermal driven power production

1 Thermal gradient powered desalination
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Figure 3 - Gulf Stream Flow

The actual origin of the Gulf Stream isnot
that actual origins are near the coast of North Africa from where it follows a specific path to the
Gulf of Mexico. The stream actually gains momentum by circlnogiiad in the Gulf of Mexico,

where it becomes detectable to satellites.

The Gulf Stream deeply affects the weather in the Caribbean, Eastern American coast, and
Europe. The Gulf Stream continuously circulates warm water throughout the Gulf of Mexico and
the Caribbean region, which helps keep sea surface temperatures warm and therefore the
surrounding regions warm. Since the Gulf Stream also flows near Europe it helps protect many
European countries extremely frigid weather by continuously transferrindrbeathe tropical

regions.

There have been concerns about the future flow behavior of the Gulf S8eara scholars

suggest that global warming will change the flow patterns of the Gulf Stream, making it slower,
and therefore adding to the changinghlalimate.fiA recent study at NASA hahown thathe

Gulf Stream hee not slowed dowmver the past5 years®. i An oceanogr apher
propulsion laboratory calculated that there was no change in strength from 2002 to 2009, while
from 1993to 2002 the strength had increased by 20%4lt can be safely assumed that the Gulf

Stream will remain to be a large source of energy in the future.

at

n



Page|20

Turbine Theory

Turbines are devices used to extract energy out of a moving fluid via a re¢ankdg. There are
two general types of turbines namely impulse turbines, and reaction turbines. In order to choose
the correct turbine type for a particular application it is necessary to know the type of energy

source and the characteristics of the twitedent types of turbines.

Impulse turbines are used in applications where there is a large head (pressure, velocity,
elevation) available which can be converted into a large velocity at the exit nozzle e.g. water
source from a lake that is high above #xit nozzle. In other words impulse turbines are high
head, low flow rate devices. It is also necessary to note that impulse turbines are not fully
submerged by the working fluid. Instead the jets of water are directed towards the blades
(buckets) of thempulse turbines by which energy is extracted. The Pelton wheel is a common

example of an impulse turbine.

Figure 4 - Pelton Wheel

Another important type of turbine is the reaction turbine. Reaction turbines are used in cases
where there is a large flow rate, but low head. Reaction turbines are usually enclosed in a casing

and are fully surrounded by the working fluid. Both pressuoe dnd velocity change across the
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rotor blades as the fluid passes through the encasing. Typical examples of reaction turbines are
Francis and Kaplan turbines. For Francis turbines inlet flow is typically directed radially towards
the center of the turb@ and it exits axially. Francis turbines are an example of a mixed flow
turbine. For flow in Kaplan turbines flow enters axially and leaves in the same direction. Kaplan
Turbines have above 90 % efficiency. There are various Kaplan turbine designsocludi

propeller turbines, tubular turbines, pit turbines, and straflo turbines.

/
v 2

Figure 5 - Mixed Flow Runner Blade

In order to determine the possible power output of the proposed design it is necessary to discuss
blade theory, iad its resulting equations. The blade speed of a fan blade rotating at a constant
angul ar velocity ¥ is given by the equation:
T
Equation 1 - Blade Speed
Where:

¥ rad/ s
r: the radial distance from the central axis of the rotor blades
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The absolute fluid velocity for the blade is represented by the Wctenereas the relative
velocity of the blade is represented by the ved{om he absolute velocity of the fluid is given

by the vector addition of the blade velocity and relative velocity:

T=TF T

The solution to this sum is usually represented in the form of a velocity triangle shown as

follows:

LT

V

Figure 6 - Velocity Triangle

It is important to note that in order for the turbine assembly to capture power it is necessary that
the rotation of the rotor is opposite to the direction of the torque applied on the rotor by the shaft.

It is possible to calculate the shaft work using thioment of momentum equation.

1 0= 10w "w.eD
oY
Equation 2 - Moment of Momentum

If only axial components of flow are considered the shaft torque can be obtained from the
moment of momentum equation. The atjon is given as follows and is often called the Euler
turbine equation.

Yase = G1iads *+ a5 a0,

Equation 3 - Euler Equation for Turbines

The shaft power is given by the Torque applied on the shaft and the arejataty of the shaft.

Wiagse = Yasel
Equation 4 - Shaft Power
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Using the shaft power equation and the blade speed equation an equation can be derived for shaft

power in terms of mass flow rate, blade speed, and tangential velocity components.

Wigsp = 01 1101 + U3 [0

Equation 5 - Shaft Power (inDifferent Terms)

A simpler method to obtain the estimated power generated by fluid flow is by calculating the

available energy in a stream of fluid. The equation is given as follows:

0=-"."QQ0

Equation 6 - Power in a Stream of Fluid

Where:

d: Turbine Efficiency
o Density

g: Acceleration Due to Gravity

h: Total Head (Pressure, Velocity)

Q: Flow Rate

MagLev Turbines

Magnetic Levitation (MagLev) is a century old concept. Hosveanly recently it has been

applied to transport, and renewable energy technologies. The aim in the future is to implement
MagLevtechnology into the proposed design. The main use d#gt evtechnology in

transport can be seen in trains. In renewabégy resources a technology has been developed

for wind power.

MagLevtrain systems make travel faster, economical, and are easier on the environment. There

are two types of MagLev train suspension technologies, namely Electromagnetic Suspension
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(EMS), and Electrodynamic Suspension (EDS). In EMS systems the train is suspended by use of
electromagnets attached to the bottom of the train-ehaped arms. The top part of the arm is
attached to the train and the magnet is on the bottom part ohth&lae steel rail is positioned
between the top and bottom parts of the rails and therefore the magnet on the bottom part of the
C shaped arm is facing upwards [1]. The electromagnets therefore attract towards the steel rail.
The main advantage of an EMgstem is that it can work at any speed, but a major drawback is
the fact that the system is easily destabilized, requiring an active control system. The EDS
systems work on the principle of magnetic repulsion. Either permanent magnets or
electromagnets arassembled on both the train and rail, and each one produces a magnetic force,
hence creating a repulsive field between the train and the track [1]. The major advantage of the
EDS system is its inclination towards stability. For EDS systems howevereitessary to

implement a wheeled system because of the systems inability to perform at low speeds.

The latest development of wind technology has been the implementation of a MagLev system for
improvement of efficiency of wind turbines. The purpose ofl@em@nting the MagLev

technology is to eliminate the bearing used between the turbine shaft and the fixed bas of the
entire system. Magnetic bearings have been previously used in small turbines and pumps
however for larger designs magnetic bearings wouldnable to withstand the loads applied by

the shaft. If magnetic levitation is to be used in large scale production it is either by use of
electromagnets with control systems, or a set of permanent magnets such as Halbach arrays. The
main advantages of tmew MagLev wind turbine system include less building cost, efficient

wind energy capture, and less maintenance requirements.
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Micro Turbines in the Market

Ampair UW100 Water Turbine

A company called ABS Alaskan has produced a submersibfeeller instream micro hydro

turbine. It is called the Ampair UW100 Water Turbine. This water turbine unit is water generator
that is very durable and versatile that produces hydroelectric power for 12V, 24V and 48V power
systems. It consists of a faawd facing shrouded 3 bladed propeller that drives a permanent
magnet producing up to 100 watts of powecan also produce 8 Amps output current for a 12

volt system at 9.2 mph (8 knots or 4 m/s). 4 amps peak at 24 volts DC and 2 amps peak at 48
volts DC. This system requires aater speed greater than 4 mph (3.75 knots or 1.79 m/s) which

is highly recommended or power output will not be significant. Power output increases with
faster water speed.

The propeller, cable exit and rear of the casing amoalble sealed. In order to be corrosion
resistant and able to equalize pressure due to changes caused andeptibient temperature,

the alternator body is filled with mineral oil.

This device is a great application as a tow away for boats. This dewidd be tied to the back

of the boatvhen the boat is in motion and woydtbvide constant electricity. It can also be used
when the boat is at anchor where there is current. It can also be used anywhere where current is

present. This current model cast average of $1400.00 through the company

Figure 7 - Ampair UW100 Water Turbine



Page|26

In-Stream Vertical Axis Turbine

ABS Alaskanhas also produced angtream vertical axis turbin@he EnCurrent irstream
hydro turbines are very efficient smattale hydro turbines in the market. Their vertaals
design prevents many of the installation hassles associated with othethgdooaturbine

designs.

There is no need to build a diversiam & water inlet or funnel necessary. They can just be
simply installed in the path of the current. This design is mostly iadtall the surface of the
waterin stream of rivers and canalhe EnCurrent irstream hydro turbine is very cost

effective. Treinitial investment can be palzhck in as little as two years. They have very low
capital investment and need minimal construction required. Since it is small scale, no
unnecessary transport or installation costs needed. They require very low mainssthace

very environmentally friendly because they producemdssions. This design has three model
selections to choose from. It is designed to handle 5 kW for high and low speed applications. It
also has a 10kW model that produces twice the povra®Tmodels range fron28000 to

$52000.

2

. |
' — ! 5o |
& 1 B

Figure 8 - EnCurrent In-Stream Hydro Turbine
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Fundamentals of Computational Fluid Dynamics

When fluid flow around or through an object it is to be studied it is often difficult to solve
problems analytically. It is convenient to use methods of computational fluid dynamics (CFD) to
obtain numerical solutions to describe flow behavior. CFD methodgver should be used as
cautiously as possible however in order to obtain true representations of the actual physical

model.

The three important conservation laws in fluid dynamics are namely:
9 Conservation of Mass
1 Conservation of Momentum

1 Conservatiorof Energy

Another important consideration in CFD is the fluid properties of the fluid being studied, and
their effects on the final results. The fluid used in this study is sea water, and the important
properties for seawater are its viscosity and denisity also important to consider whether the
fluid being studied is incompressible or compressible. This can be easily determined by the
Mach number of the flow. The Mach number of a fluid is defined as the fluid velocity divided by
the average velocitgf the Gulf Stream is measured to be 3 knots, which is about 1.5 m/s. The

speed of sound in water at 20 °C is given as 1447 m/s.

JJ=|=:

=

Fluid flow can be considered incompressible if the value of the Mach number isale€s3h

From the above calculation it is clear that the simulation of the fluid in this model can be
considered incompressible. Incompressible flows are generally characterized by the Navier
Stokes equations. These set of equations are usually analyticsdiivable, except in a few

simple cases. In order to facilitate the solution of these equations CFD methods are used. In CFD
the partial differential equations that are used to describe fluid flow are replaced with discretized

linear algebraic equations.
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There are three main discretization methods used in developing linear algebraic equations:
1 Boundary Element Method
I Finite Element Method
I Finite Difference Method

In this project the finite element method was employed. In the finite element method the flow is
broken into small fluid elements. Once the elements are formed, a corresponding equation,
derived from the conservation equations, is written for each elefrtentesulting algebraic

eqguations are then solved numerically to obtain a solution.

It is important to predict whether flow around or through an object will be laminar, transitional,
or turbulent. Laminar flow is smooth and well defined, where as tembéibw random and

irregular in behavior. Transitional flow has characteristics of both laminar and turbulent flow. In
order to determine whether flow is laminar, transitional, or turbulent Reynolds number must be
used. Reynolds number is a dimensiontpsantity that determines the ration between the inertia
force and viscous force. Whenever viscous forces dominate the flow is controlled and hence
laminar, and whenever the inertia forces dominate fluid behavior becomes chaotic and hence
turbulent. The tnasitional phase of a fluid is determined by multiple factors including surface
roughness, curvature, and loadings. Transitional flow begins at a certain Reynolds number,

specifically wherRe=5 x 10. The equation for calculating Reynolds number is given a

follows:
yO= QD Qi &Q_ " WO
T g6l "Bla i
Equation 7 - ReynoldsNumber
Where:
}: Density
V: Velocity
D: Diameter

M: Viscosity
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In this design all of the flows are modeled in the turbulent region. CosmosFloWorks
approximates numerical solutions for these types of flale.viscosity of the fluid is an

important characteristic that defines fluid flow. Viscosity can be describin aslhesive force

of any fluid to an object. Viscosity is directly proportional to the force required to move an
object through a fluid: the more viscous a fluid the greater the drag force. Seawater is a
Newtonian fluid and hence it has a viscosity ceggfit. The figure below shows the velocity as

a function of the height between the two plates. The shear stress and the velocity gradient are

linearly proportional, and the constant of proportionality is defined as viscosity (U).

plate moving at velocity Vv ——=

" fluid | 7
.| element > fuid
4 welocly

[_, ' profile, u(y)
X

fixed plate 0
Figure 9 - Fluid Profile

In order to visualize the flow through the nozzle streamlines need to be formed. This can be
achieved by modeling the above velocity profile over the entire surface of the inside walls.
Streamlines are tangent to any pamthe flow field.

The flow field of an immersed object can be adequately described by use of the Navier Stokes
Equations. It is important to discuss the theory behind these equations in order to make a valid
simulation. The Navier Stokes equations are derived from thervatisa equations (mass,
momentum, energy). Quite often flows have many variables that are unsteady i.e. pressure,
temperature, velocity which make them unsolvable. In order to obtain results from the Navier
Stokes equations it is quite common to findtihee averaged form of the equations i.e. make the
eqguations time independent. The time independent equations are called the Reynolds Averaged
Navier Stokes equations.
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It is possible to obtain the Navier Stokes equations using infinitesimal or finitegalantrol

methods. The resulting equations can be represented in differential or integral forms i.e. study
the fluid using small volume elements. Once a solution is obtained for the Navier Stokes
equations the result is called the velocity field flow, ethgives the velocity of a fluid at a

certain space and time. The Navier Stokes equations show the infinitesimal momentum changes
in a flow field through the control volume as a sum of surface stresses, body forces, and energy

sources.

The five variableshat are usually unknown in an equation are the viscosity, density, x velocity
component, y velocity component, and z velocity component. The viscosity and density are
dependent upon the temperature and pressure. Since there are five variables andtfons equ
(xyz momentum, mass) it is necessary to include the conservation of energy equation.

The differentialforms of the Navier Stokes equation for incompressible viscous three

dimensional flows argiving as follows:

T6 TO 10

To T Ta
Equation 8 - Continuity Equation
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Equation 9 - X-component of Momentum
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Equation 10- Y component of Momentum
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Equation 11 - Z component of momentum
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Equation 12 - Material Derivative
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Ne wt seatdandlaw is used to develop the momentum equations. The left hand side of the
equation represents mass acceleration per unit volume while the right hand side consists of the
sum of all the surface and body forces. Surface forces can come from sources such as the natural
pressure and viscous stresses. The firs term on the right hand side represents the net pressure
force per unit volume, and the next three terms describagbeus force per unit volume.

The Navier Stokes equations are completed by adding the conservation of energy equation to the
set. The equation is derived from the first law of thermodynamics, however since the fluid is

incompressible the work term can eglected. The obtained energy equation is then:

,,6‘2\(: Ta1ﬁm+Tﬁw+Tﬁ¢ ]
" 0 To e Ta Mo

Equation 13 - Energy Equation

Where:

g is the conduction heat transfer rate per unit area in the three directions

Oh is the heat source

C, is the specific heat constant.

Conclusively it is can be seen that the Navier Stokes equations can be applied to a wide variety

of problems in computational fluid dynamics to a high degree of accuracy.
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2 - Project Formul ation

2.1 Overview

This system design will include all the components to simulate a hydroelectric system. The
vortex generator inlet funnel, theagLevTurbine ad the exit funnel are the main components
thatareused to generate electrici#.tide flow with an average velocity of 1 to 3 knots; enters

the vortex generator inlet funnel which has vortex blades incorporated into it that is designed to
induce a vortex swirl in the flow. Thislet funnel is connected to tivagLev Turbine where

the vortex flow is directed into. This vortex swirl would possess axial and radial forces which
would hit the MagLev Turbine bladesThis would rotate th#agLev Turbine blades at its most
efficient rate and would generate electricity. Then the flow letheesystem througan exit

funnel.

2.2 Project Objectives

The project objective is to optimize the init
Dr. KuangHsi WU (see Figure 10 The design was designed with given parameters
These are:
1. Vortexblades that would create the vortex swirl in the inlet flow.
Diameter of the inlet funnel opening must be tested and optimized.
Diameter of the outlet funnel opening must be tested and optimized.
Curvature of the inlet andutlet funnels must be testd and optimized.
Length of thanlet and outletfunnels must be tested and optimized.

Vortexoptimization ¢ Testing of different vortex angles.

N o g M 0N

Maximize negative pressure between inlet and outlet funnels.

Once these parametemreachieved, the final pposed design can be selected and manufactured.

These parameters would ensure the most efficient design.
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2.3 Design Specifications

The specification for this desigmas to ensure maximum volumetric flow and flow velocity
entering the Maglev Turbin®e accomplish the most efficient desigme system would consist

of an inlet funnel that creates the vortex flow. This inlet funnel is optimized to enhance the inlet
flow to its maximum flow velocityvhich is directed intohe MagLevTurbine.

TheMagLev Turbinei s t he systemdés main component whi ch
consists of three rotor blades which are built on a cylindrical ring suspended by magnets. This

ring rotates freely by the inlet flowhich results in the production efecticity. Thisring is part

of ageneratorvhich produce the electricityonce the ring efficiently spins. The electricity

generated would thdve directed to powerstorage devicerhich would store the generated

electricity so that it can later be used.

The design specifications and dimensions are mostly dependent on theMagl el Hydro
Turbine being used. The inlet diameter of ki@gLev Turbine would determine the length and

inlet funnel diameterequiredthat would maximize the flow to tidagLev Turbine.

Since this projectds objective is to maximize
turbine must be optimized as well in order to efficiently use the maximum flow velocity supplied

by the vortex. This would be a further study assigrtraenducted after this senior design

project which can be carried out to fully accomplish the goal.
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2.4 Constraints and Other Considerations

This projectis mainly an optimization and simulation desmgoject. Every detail of this design
can befurther optimized by iterations of many simulats@nd pararaers. The design requires
powerful computer systems that can run CFD (Computaltleinid Dynamics)rograms such as
CosmosFdWorks through Solid Workat high levels of complexity. These simiidas require
large amounts of memory which are not typical in household or schoadaiymutersThey

require super computers which are very experaigenot readily available

Since theMagLevTurbine was not sourced nor developed, the Turbineveasaubstituted with
a cylindrical block. The dimensions are 6 inches in length and 6 inches in diameter. This would
substitute thdVlagLev Turbinearea until an actual turbinedevelopedThe MagLevturbine

needed is currently just a concept.

Another onsideration taken into account was the static pressure surrounding the model. The
model would be submerged in the ocean for long periods of kitaerial ®lection is critical to
ensure corrosion resistance and durability was in major criiriae theactual depttor

location the modelvould be installed in the Gulf Stream is not known. The model was designed
to be installed 100 feet below the surface of the ocean. 100 feet below the ocean surface equals
to 4atmospheresf pressureHowever, since theize of the model is relatively small, the device

would be installed in an average depth of 40 feet.



3 - Design Alternatives

3.1 Overview of Conceptual Designs Developed

Initial Design
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Majority of the designs and ideas presented inrdpsrt was based on an idea brought to this
grop byt h e gadasorpékauang Hsi WU. Figure 3below shows thaitial design which

was giverby Dr WU. The draft drawinghowst h e

original

Gk e e sthdl ywad 0o

was modeled whichad dlows astraightaxial flow to the rotor. The inlet funnel shows a smooth

conical stack that feeds intavlagLevt ur bi ne.

Thi

S

desi

gn

captures

and channels it into the turbine to spin MaglLevrotors. This design was then give the

group as a challenge to design a more efficient unit.

KEYS HYDRO POWER

TIDAL TURBINE INSTALLATION

MAG LEV TURBINE
‘Constructed of durabie Mber glass composite has beon
gy from the tides.

spacialy

Figure 10- Initial Design [Dr. Kuang 7 Hsi WU]

P
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In order todesigna more efficient hydro turbine unit, theaingoal was tareatea design that

would increase the inlet tide velocity that would increase the rotational speed of the hydro
turbineblades The more rotations per minute would result in more watiducedper minue.

The initial design in figure 18howsthat thetide flow would enter through the inlet funnela

straight axial direction which would enter and pdssugh the hydro generatdrhen once the

flow passes through and rotates the turbine blades, it ie#patied through an exit funndlhis

flow is assumed tbe laminar and is also assumed to have an average speed of 1.54 m/s (3knots)

which is the average maximum current velocity found in the Gulf Stream.

With this initial design, conceptudésigrsincorporaté a helix channel in the inlet funnel that
would create a vortex flow which woulmaintain or increase the speed of the flow velocity. This
vortex flow would also have its maximum flow velocity at the outer edges of the vortex flow.
This vortex flow would also produce axial and radial forces in the tthatvwould enter the
MagLevturbine section at its maximupotential This would then maximize the full potential of
the inlet flow from the oceands current whi

MagLevturbine that would increase the pavixeing generated.

c h
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Conceptual Design 1

Figurellbelow shows the generabnceptuashape of thentireassembly togethefhe main
assembly is broken up in three sectidirem the left, the inlet funné drawn withhelix vortex
channelsncorporated into the funnélat would creatavortex flow. This is then connected to
theMagLevTurbine which is in the middle of the assembly. Then on the right, the flow is this

expelled through the exit funnel.

A

Figure 11 - Sketchof ConceptualDesign 1

Conceptual Design 2

Figure 12shows aother alternative desighat wassketchedased on the assumption that the
vortex created would be a free vortex. A free vastaxaximum velocity occurs at the center of
the vortexIf the vortex created is a free vortex this design incorporates a diwvitgris
positioned in theniddle of the funnehsshown in the sketckhown in Figurel2. This diverter
purpose wouldhen divert theflow to the outewalls of the turbine where it would hit the

MagLevturbine rotor blades more directly.

Figure 12 - Sketch of ConceptuaDesign 2
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A front view of the funnehs shown in Figur&3 showstheinlet funnel with the vortefins
incorporated in @ounterclockwise helix This isdesigned so that when ocean current flows
through the funnelthe funnel would create a vortex with the incoming water ffoa counter
clockwise rotatiorwhere it then hits the rotar$his would create enough forcertmve the

rotors in acounterclockwise rotatiorat an efficient rate

Figure 13- Sketch d Front View of Funnel
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3.2 Design Alternative 1

Figure 14 - Front View of Design Alternative 1

Design alternative 1 shown above shows three vortex blades incorporated into the inlet funnel.
These blades are designed in a helical twist where ibagklerate the flow to create the vortex.
However, the vortex blades are designed where they doinattjthe center. The center of the
inlet funnel is hollowed out so that the center of the inlet flow is allowed to pass through freely
directly to theMagLev Turbine. This would allow the center of the inlet flow to maintain its
velocity while the surroutting flow is diverted into a vortex flow by the vortex bladBsis inlet
funnel is then connected to the inlet of MagLev Turbine. Then a smooth exit funnel is then

connected to the outlet of tivaglLev Turbine.
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3.3 Design Alternative 2

Figure 15- Front View of Design Alternative 2

Design alternative 2 shown above shows the iderdiesign as show above in alternative 1.
However thethreevortex blades are designed so that tb@ynectedt the center of thelet
funnel. The center of the funnel is inlet funnel is not hollowed out and is divided into three
channels. This divides the incoming inlet into each channel where it is forced into a vortex
rotation and directed into tiMagLev Turbine that is connectdd the inlet funnel. Then a
smooth exit funnel is then connected to the outlet oMagLev Turbine where the flow is

expelled.
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3.4 Design Alternative 3

Figure 16 - Front View of Design Alternative 3

Design alternative 3 shown above shamsther identical design. This design consists of the
same outer structure and dimensions as the previous designs. However, this design has four
vortex blades that are designed so that tweyectedn at the centeof the inlet funnelThis

design has one more vortex blade than ingtealternative 2. This alternative would prove if the
greater amount of vortex channels would affect the flow velothgse four vortex blades

divides the incoming inlet into each ctmeel where it is forced into a vortex rotation and directed
into theMagLev Turbine that is connected to the inlet funnel. Then a smooth exit funnel is then

connected to the outlet of thdagLev Turbine where the flow is expelled.
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3.5 Design Altern ative 4

Figure 17 - Outlet Funnel with Circle Holes

Figure 18- Outlet Funnel with Square Holes
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Design alternative 4 shown in Figure 11 and 12 illustrates a modified outlet fllneahlet

funnel has the features of design alternativeh outlet funnel was designed in a step up shape

that would incorporate openings inthe stegse€l out | et funnel 6s desi gn i
that would enhance the exit velocity. This vacuunuldde created by the holes which would

allow the surrounding (external) flow outside of the funnel an entrance into the funnel which

creates this vacuum. This design would then help enhance the flow rate through the outlet funnel
which would aid in the epulsion of flow through the hydro turbine system which would

maximize its efficiency.

3.6 Feasibility Assessment

This project is feaslb because of its simplicity. Thgesign consists of an inlet funnel and an

outlet funnel. These funndksigrs can be madeut of most materials and would simply be

bolted onto théMagLev Turbine.Since the alternate resource of tide power is inexhaustible, the

Gulf Stream is a constant energy source that can be captured all year round. The power generated
would ke consistent and would only be stalled if maintenance is required.

The initial design is slightly expensive, but the initial investment would be quickly reimbursed
by the power that can be generatldo in the market, there is no hydro turbine powetesys

that enhances the flow velocity before spinning the turbine blades. The devices imkéie ma
today only use the maximufiow velocity available by the currenSince the proposed design
enhances and increases the inlet current flow velocity befertithine bladeslhis proposed

design would then prove to be more efficient than devices in the market today.
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3.7 Proposed Design

The proposed design waslectedy evaluating all the design alternatives and design parameters
by using the software Solid Worksmulations Solid Works software was timeain tool used for

CFD (Computatioal Fluid Dynamics) flow analysis by the use of CosmosFloWorks.
Simulationsand fow analysis using this program for each design must be conducted so that the
data can banalyzedor each design to determine which hasrtteedmum efficient rotation

speed of the rotor.

The design proposeshould comprise dadll the pro featureBom the conceptual and design
alternativesnto one designkor each alternativeew idea introducedfor the desigrwas
incorporated wherthe features of the old designs were reused and the new featursaslts
improvethe design to accomplishhgghe efficient design.The simulations conducted Section
5 of this reporproduced valid results for all desigfternativesthe final desigrselectedvas
Design Alternative 2 as shown kigure 15. Design Alternative 2 showhree vortex blades
incorporatednto the inlet funnel where it is designed so they are connected at the center of the
funnel.Design Alternative 2 also incorporated all the pro features of the design pasameter
testingwere optimizedAlso, this proposed design featured the efficiemvature of the inlet
funnel shown in figureThedesignproduced the highest velocity compared to the other
alternative designs that incorporated the vortex bldeigare 19shows a solid works sketct

the model created.
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Figure 19- Cross Section View of Proposed Design

‘} af

- <4lllA‘l

Figure 20 - Isometric View of Proposed Design
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Figure 21 - Isometric View of Proposed Design (Outlet End)

Figure 22 - Side View of Proposed Design
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4 - Project Management

4.1 Overview

Project managementin be broken up in three main objectives. First main objective is
communication organization. Communication throughout the semester is vital in project
progression andital for ideas and concepts to be similar and on focus. Communication also
ensures coordinated responsibility tasks are consistent and accurate to ensure deadline
accomplishments. The second objective is to keep a centralized location for the project
information, ideas, concepts and data. The third objective is to give the team a far scope timeline
for the project, which includes milestones, responsibilities and tasks, prototype and testing period

to ensure project professionalism and completion.

4.1.1 Definitions

Senior Design Team: The group of students responsible for the completion of the senior design
project. The team does not include the faculty advisor, faculty members or third parties. The

names of the team members are provided on the coeet shthis report.

Faculty Advisor: Member of Florida International University faculty. The advisor provides the
senior design team with the experience and guidance needed for a successfullpepattisor
engaged the group into this particytewoject idea and gave it upon the groupfiimize and

improve the design. The name of the faculty advisor is provided on the cover sheet of this report

Gantt Chart: A project management tool that displays project schedule information, midestone
data and mpgress based on milestartasks or to do lists. Information is displayed in the form of
tables and figures.



4.2 Breakdown of Work into Specific Tasks

Table 1 - Specific Tasks and Milestones

Page|48

Milestones Start Deadline Progress|
Complete Project Proposal 10/1/2010 11/25/2010 100%
Final Report (25% Completed) 10/1/2010 10/11/2010 100%
Complete Poster 11/22/2010 12/4/2010 100%
Draft Presentation to IAB 1/4/2010 1/14/2010 100%
Final Report (50% Completed) 1/4/2010 2/17/2010 100%
Complete Design Alternatives 11/15/2010 2/2/2010 100%
Prototype Assembly (100% Completed) | 3/5/2010 3/5/2010 100%
Final Report (75% Completed) 3/1/2010 3/10/2010 100%
Testing of Prototype 3/25/2010 3/26/2010 100%
Final Report (100% Completed) 3/25/2010 4/2/2010 100%
04/06 ,
Presentation Rehearsal to MME Faculty | 4/3/2010 04/08/2010
04/14,
Final Presentation to IAB and MME Facu| 4/8/2010 04/15/2010

4.3 Organization of Work and Timeline

The timeline below shows the tasks from #2009 to spring 2010. The Gantt chart shows the

progress rate of the tasks distributed to each group member.

Table 2 - Timeline of Fall 2009 to $ring 2010

=

Task Mame

|cact 09 Mov 08 |Dec 09 [Jan*10 [Fen 10 |Mar 10 [&r 10 Mawy 10
20274 [ ]al2s 1 [a 1522 (2a e [13fz0far] 3 (o (17 2a [ [ 7 [14[21 [28 7 [14 |21 [28]4 [11 18 ]2s]2 [a |
1 |Design of Concept | John[33fﬂa],l€a son[33%],Sllehil[SS%]
2 IWirting of First Draft Repart @D Karson[40%],Snehil[40%] John[20%]
3 [GoldworksDrawings |, TR ) John
4 fCotanabsE | ST, T @D John[33%:]Karson[33%]Snehill33%]
5 ting Of Second Draft Report m John[20%] Karson[40%],Snehil[40°:]
B Soldworks Analysis Lo T T T (G Johnson Hg
7 [Building of Protatype Wol1n[33%],Harsm1[33°fo],_5nehiI[33°f¢.]
8 |Testing and Improvements m John[40%] Karson[30%],Snehil[30%]
3 \Wrling Of Finial Project Report ' 5 rmm—— :
John[33%]Karson[33%],5nehil[33%]
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4.4 Breakdown of Responsibilities among Team Members

Table 3 - Responsibilities among Team Members

Iltem Karson | Johnson| Snehil

Introduction (Report Section 1) X X
Project Formulation ( Report Section 2) X

Design Alternative (Report Section 4) X X

Project Management ( Report Section 4) X X X
Engineering Design and Analysis (Report Sectioh 5) x X X
Prototype Construction (Report Section 6) X

Testing and Evaluation (Report Section 7) X X
Design Considerations(Report Section 8) X X
Conclusion (Report Section 9) X X X
References (Report Section 10) X X X
Appendices (Report Section 11) X

Literature Survey X X
Project Management X X

Software Simulations X
Prototype Construction X X

Poster Design X X X
Draft Proposal X X X
Report 25% X X X
Report 50% X X
Presentations X X X
Design Alternative 1 X X
Design Alternative 2 X X

Design Alternative 3 X

Design Alternative 4 X X X
Prototype Components / Tools / Materials X X X
Prototype Testing X X X
Final Report X X X
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4.5 Hours Spent By Group Members

Table 4 - Hours Spent By Group Members

ltem Karson|Johnson Snehi
Literature Survey 40 10 30
Calculations 5 2 5
Software Simulations 5 60 20
Poster Design 5 5 5
Draft Proposal 25 20 15
Report 25% 30 20 15
Report 50% 35 30 15
Presentations 10 10 10
Prototype Construction 5 5 5
Prototype Testing 5 5 5
Final Report 70 60 45
Total Hours Spent 235 227 170

5 z Engineering Design and Analysis

5.1 Simulation Testing

Simulation tests were conducted\arious designs to find the optimuragign that achieved the
maximum flowvelocity. Simulation tests were conducted using@Gk® (ComputationaFluid
Dynamics) software Solid Work¥10CosmosFlaVorks. This software is capable of producing
flow simulations with the aid of streamlines as visual representations of the flow. Pressure,
velocity data etc. can be obtained using this softwaemeral settings were set for each

simulation testonductedy

1. Assuming steady flowonditions.
2. Flow velocity of 1.5m/sfound from the average maximum velocity in the Florida Gulf

Stream.

3. Saltwater properties
Pressure set at 4 atmospheres since the device may be installed 100 feet below the ocean

surface.
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5. Friction factor was assumed zero since no specific mateasbelected before the

testing.

Parameter Value Navigator

Parameter Definition User Defined 5 ;
[ Thermodynamic Parameters 7] Analysis type
- Pressure 405300 Pa
‘... Temperature 293.2K Fluids
= Velocity Parameters
‘- Velocity in X direction 15ms @ Wall conditions
Velocity in Y direction 0m's

- Velocity in Z direction 0m's condltlons
[+ Turbulence Parameters

Dependency...

J [ oy ) [ Cancel | [ Hep |

Figure 23- CFD Settings for Pressure and Velocity

[ e ————

a1 BN S S EE =[7a] <

Database tree: Tte
d Cities - [ Value
: Contacl Thermal Resist 1 SeaWater
- Q Custom - Visualization F Properties of Sea Water
1027 kg/m"3
ﬂﬂ Heat Sinks Dynamic viscosity 0.00108 Pa’s
EJ & (Matenals Specific heat (Cp) 3993 Ji(kg*K)

Thermal cenductivity 0.586 W/(m*K)
Cavitation effect

SI (m-kg-s)

Figure 24 - CFD Settings for Saltwater
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Test 1 zFunnel Curvature Optimization

For test 1, the optimizatioof different polynomial curves astestedthrough flow simulations
using Solid Work2010 The softwaredbds ( Chasfupedtoool Cosmos FI
conduct the simulaticato determine the ideal shape and curvature of the inlet and outlet funnel.

Test 1 was cafuctedusing our initial design where no fins wereanporated to generate a
vortex Different shapes were tested to deteenwhich shape would produce tmest efficient
design.All simulations were conducted with a funnel length oirdidhes.The aly feature that
was altered for each simulation was the curvature of the funnel walls.

The first simulation conducteshows a straigtdesignfunnel. Theresult should produce a

general baseline approximation of the velocity found.

4.08536
3.70698
3.3288
2.95022
257184
219346
| 181508
| 14387
1.05832
0.679945

0.301565
Velocity [mis]

Figure 25 - Inlet Funnel Curvature (Straight)

In Figure 25the inlet funnel was designed without any curvature. The funnel was designed with
a straight funnel design to the outlet of the inlet funnel. The simulation produced a maximum
flow velocity of 408 m/s.The maximum flow velocity was found mainly in the center (Turbine

area).This shows a rough baseline estimstethat improvements can be tested.
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Figure 26 - Inlet Funnel Curvature (Concave)

Figure 26above shows the concave curvature of the fienel. The curvature designedof a

high order polynomiaturvewhich would allow the flow to move freely with minimal
resistance.This also would cause a big pressure drop between the opening of thierinks

and the opening of the turbine area. This pressure drop would increase the velocity of the flow.
Thesmulationaboveproduced a maximurilow velocity of 5.64 m/s Since the inlet flow

velocity was a steady flow of 1.5m/s, this result shows ttetrtaximum flow velocity of 5.84

m/s increased approximately 4 times the inlet velocity.

211389 ooz
191867
1.72346
152824
1.33303
113782
0.942602
0.747388

| 0550175
0.356961

0161747
Velocity [mis]

Figure 27 - Inlet Funnel Curvature (Convex)
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Figure Z shows he inlet funnel designed in a convex curvature. The simulation produced a
maximum flow velocity of 2.11 m/s. This refidhows that this design was the least efficient

since the maximum flow velocity achieved only increased a minimal 1.4 times the initial inlet

flow velocity.
Table 5 - Curvature Optimization
Curvature Optimization
Inlet Flow Inside Turbine
Assembly Inlet Volumetric Flow[Reynolds Number Maximum | Volumetric Flow|Reynolds Numbe
Curvature Velocity (n/s)| rate(m”3/s) Velocity (m/s)|] rate(n*3/s)
1 Straight 1.5 0.194575672 5.797E+05 4.08 0.074425195 5.913E+05
2 Concave 1.5 0.194575672 5.797E+05 5.84 0.10653018 8.463E+05
3 Convex 15 0.194575672 5.797E+05 211 0.0384895 3.058E+05

Table5 above shows the optimization of the curvature used for the inlet funnel. The table shows
all three type of curvature simulated using Solid W@®B$0CosmosFloWorks as the CFD
(Computation Fluid Dynamics) tool. Taleshows the dat of results, which clearly identifies

that the concave assembly produced the highest maximum velocity inside the turbine area. The
maximum velocity found was 5.84/s Thisproducel a volumetric flow rate 00.1065n%/s

inside the turbineraa. This resuétd in a Reynolslnumber 0B.463x 10° which indicates that is

of turbulent flow.

Further tests were conducted on tlemcavecurvature mlet funnel which would determine the

optimum range of curvature needed to produce the highest flow velocity

-—-F

454569 |
409153 =
363737 e
318321
2.72905
227438
1.82072
| 1.36656
| 0912395
0.458233

0.00407053
Velocity [mis]

Figure 28 - Simulation of Minimum Concave Curvature
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Figure 28shows the simulation of the inlet and outlet funnel with a low curvature. The concave
angle is small to show the curvature effects on the re3iiesinlet opening diametand outlet

exit diameter was set at 16 inches. The inlet and outlet funnel lengths was set at 15 inches. The
turbine area was set at 6 inches in length and 6 inches in diameter. With these dimensions the

simulation shows that the model produced a maxiniam ¥elocity of 4.54 m/s

Velocity [m/s]

Figure 29 - Simulation of Minimum Concave Curvature

Figure 29shows the simulation of the inlet and outlet funnel with a medium curvature. The
concave angle is set with a general concave curvature to show its effects on the results. The inlet
opening diameter and outlet exit diameter was set at 16 inches. Trenohletitlet funnel

lengths was set at 15 inches. The turbine area was set at 6 inches in length and 6 inches in

diameter. With these dimensions the simulation shows that the model produced a maximum flow

velocity of 5.64 m/s.
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Figure 30 - Simulation of High Concave Curvature

Figure 30shows the simulation of the inlet and outlet funnel with a high curvature. The concave
angle is set with a high concave curvature to show its effects on the results. The inlet opening
diameter and utlet exit diameter was set at 16 inches. The inlet and outlet funnel lengths was set
at 15 inches. The turbine area was set at 6 inches in length and 6 inches in diameter. With these

dimensions the simulation shows that the model produced a maximumdiiogity of 4.94 m/s.

The simulations of the curvatures show a general range of the differenuicesvthat can be
explored.Since the ideal curvature would be altered depending on diameter and length, this
range of curvature was used since it would &y difficult to find the exact optimum curvature.

From the three simulations presented with a concave curvature, the best suited curvature that
produced the highest flow velocity was the medium curvature. The medium curvature produced a
maximum flow velody of 5.64 m/s. From this result, a general range of curvature between the

low and high curvatures can be explored to determine the most efficient design.

Test 27z Optimization of Diameter of the Inlet Funnel

Test 2 shows the simulations involving th@imization of the diameter of the inlet funnel. Each
simulation conducted shows different individual diameters and its effects on the maximum flow
velocity. The lengths of the inlet funnels were fixed to 15 inches and the outlet of the inlet funnel
was fixed to 6 inches in diameter. Thi®uld determine the effects the different diameters of the
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inlet funnel would have on the results. Each test are also donénkgs funnels were it would
affect just the axial flow velocity

@]4%
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Figure 31 - Simulation of Inlet Diameter Opening (14inch)

Figure31 shows the simulation done on the assembly with an inlet diameter of 14 inches of the
inlet funnel. The simulation reswhows the maximum flow velocity achieved was 4.71 m/s
located in the turbine housing area. This maximum flow velocity achieved approximately 3.14
times the inlet flow velocity entering the assembly.
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Figure 32 - Simulation of Inlet Diameter Opening(15inch)
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Figure32 shows the simulation done on the assembly with an inlet diameter of 15 inches of the
inlet funnel. The simulation results shows the maximum flow velocity achieved was 5.8 m/s
located in the turbine housing area.s'maximum flow velocity achieved approximately 3.8

times the inlet flow velocity entering the assembly.
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Figure 33- Simulation of Inlet Diameter Opening(16inch)

Figure33 shows the simulation done on the assembly with andrdebeter of 16 inches of the
inlet funnel. The simulation results shows the maxinilon velocity achieved was 5.91/s
located in the turbine housing arélghis maximum flow velocity achieved approximately 3.94

times the inlet flow velocity entering tleessembly.

Figure 34 - Simulation of Inlet Diameter Opening (17inch)



























































































































































































































































































































